Background: Health care professionals worldwide attend courses and workshops to learn evidence-based medicine (EBM),
F rom the time the term evidence-based medicine (EBM) was coined, 1 proponents of this approach to health care delivery have offered courses and workshops to teach and disseminate it. Some observers have expressed skepticism regarding the effectiveness of teaching EBM, 2 and multiple systematic reviews have not clarified which teaching approaches are optimal. [3] [4] [5] [6] [7] Nevertheless, the demand for courses and learning opportunities for EBM continues to increase, and EBM concepts have been disseminated worldwide.
Traditionally, EBM courses have involved problembased, self-directed learning in which learners work in small groups supported by tutor-facilitators. Although the ingenuity of medical educators has led to the development of variations on the teaching approach and new educational formats targeted to particular settings, learner characteristics and local resources, [8] [9] [10] short courses and workshops remain a pillar of EBM dissemination. Empirical evidence to guide the design and delivery of short courses and workshops continues, however, to be limited. To close this gap, we undertook an international study to determine whether teaching EBM can produce changes in knowledge across a heterogeneous sample of course formats, course content and target groups and to explore which course features and learner characteristics are particularly suited to the acquisition of EBM knowledge.
Methods

Recruitment of workshops and learners.
Through course announcements on the Internet, in an EBM mailing list (E�I�ENCE-BASE�-HEALTH��IS-E�I�ENCE-BASE�-HEALTH��IS-CMAIL.AC.UK) and in publications, 11 as well as through personal contacts, we identified short courses and workshops designed to teach EBM and invited the coordinators to participate in the study. We did not restrict participation by country, course format, setting or teaching style. We targeted courses for health care professionals but did not exclude courses for students.
Design. We performed a multicentre before-after study addressing the impact of short courses and workshops on EBM knowledge. 12 The primary outcome measure was the score on the Berlin Questionnaire, a validated instrument measuring EBM knowledge that the participants completed before and after the course. 11 To balance any potential difference in difficulty between the 2 alternative versions of the Berlin Questionnaire (designated sets A and B), we randomly assigned the learners to complete either set A or set B immediately before the course and then the other set immediately after the course. We advised course organizers to describe the study design to the learners and to inform them that participation was voluntary and that individual results would not be disclosed to learners.
Course characteristics. Coordinators of eligible courses provided information regarding the format and content of their course, including its duration, total teaching time, the number of tutors, the mix of smalland large-group activities, the number of learners in the entire course, the number of learners in each small group, and the target groups. Coordinators also indicated the learners' expected level of engagement: compulsory engagement (e.g., case preparations or presentations), optional engagement (e.g., discussions) or no expectation of engagement (e.g., lectures). We asked about topics covered (therapy, diagnosis, prognosis, harm, meta-analysis, guidelines and study design), whether additional sessions devoted to searching the literature, statistics and teaching techniques were offered, and about the cost.
Learner characteristics. We asked learners to provide personal information regarding their age and sex, education, current position, occupation, prior exposure to EBM (e.g., had attended a session lasting less than 1 day, participated in a workshop, read a book, or taught as a tutor) and their assessment of their knowledge of EBM. We also asked them whether their participation in the course was mandatory or voluntary.
Assessment tool: the Berlin Questionnaire. The Berlin Questionnaire 11 consists of 2 separate sets (A and B) of 15 multiple-choice questions built around typical clinical scenarios and focusing on therapy and diagnostics (4 questions each) and meta-analysis, prognosis and harm (1 question each), with 4 questions that cover a variety of categories. Each question has 5 response options. The questionnaire addresses the following domains of EBM: relating a clinical problem to a clinical question, identifying study design and interpreting the evidence. 13 The Berlin Questionnaire has documented content validity and internal consistency. The instrument is able to discriminate different levels of knowledge and is responsive to change.
11
Analysis. We recorded the number of correct answers for each questionnaire administration and calculated the difference in respondents' scores before and after the course. To identify factors associated with degree of change in questionnaire score (the dependent variable), we constructed a 2-level linear mixed model with course as the upper (cluster) level and learner as the lower (individual) level. Potential confounders and predictors were entered into or deleted from the model step by step as described below. All models included questionnaire sequence (A or B first) and baseline score.
To estimate the variance in knowledge gain between courses and between learners by restricted maximum likelihood (REML) estimates and the intraclass correlation (the variance ratio) that measures the cluster effect that results from the differences between courses, we began by constructing a model that included only sequence and baseline score. We calculated not only the main outcome (score change) but also the corresponding effect size (i.e., the difference in means divided by the square root of the pooled variance of the baseline score).
14 This allows comparison with the results of other studies and reflects a recent trend in evidence-based education. 15 In accordance with Cohen's interpretation, we labelled an effect size of 0.2 as small, an effect size of 0.5 as moderate and an effect size of 0.8 as large. 14 We then entered 8 additional potential predictors (degree of active participation [required/encouraged], total number of learners, group size, ratio of tutors to learners, English or German language of questionnaire, number of topics, separate statistics session and total teaching time) at the course level and 11 potential predictors at the learner level (age, sex, degree in epidemiology or public health, current occupation, current position, education, previous exposure to EBM [had attended a session lasting less than 1 day, participated in a workshop, read a book, or taught as a tutor] and self-rated EBM knowledge) to the model and reduced the model step by step by deleting non-significant predictors, starting with the predictors with the highest p value. We stopped the stepwise backward elimination when only variables with p values below 0.05 remained in the model. We report the estimated parameter contrasts or regression coefficients of the final model with confidence limits and p values. All analyses were done using SPSS 13.5 (SPSS Inc., Chicago, Ill.).
Ethical approval was granted by the King's College research ethics committee (PG) and by the McMaster University research ethics committee (H�S). At all other participating centres, waivers of review were obtained because the study involved educational research or there was no requirement for ethical approval.
Results
Selection of courses and participants. We established contacts with 69 course organizers from 17 countries; 16 of these course organizers (United States, n = 2; Canada, n = 1; New Zealand, n = 1; and Europe, n = 12) agreed to participate. In total there were 584 learners in the participating courses. Figure 1 summarizes the recruitment of courses and learners. We excluded 1 course that did not provide centre and participant information. One hundred (17.1%) participants provided only 1 questionnaire; 34 of these single questionnaires came from a course that had a tight schedule and a high proportion of participants who had to catch air transport after the course. Another 25 questionnaires were lost in the mail. Our final sample included 15 courses with 420 learners (71.9%).
Course characteristics. Many centres used a modified "McMaster course" format: 16 there was a strong emphasis on small-group sessions (a median of 67% of total teaching time in the courses in this study), a high ratio of tutors to learners (a median of 3.5 learners per tutor) and unambiguous expectations of active participation (56% of all learners were required to participate in their course) ( Table 1 ). The courses had between 7 and 98 participants and lasted between 1.3 and 6 days; the • No data on centre (n = 1) or its participants n = 7 (1.2%) • Same before-after questionnaire n = 4 (0.7%) Analysis 15 centres with 420 (71.9%) learners completed both before and after set of the Berlin Questionnaire *Reasons given by course organizers for not partipating in the trial: the timing was not right, the course situation was not conducive to participation in the study (e.g., di cult group in the previous course), the target group of the course differed from that of the study (e.g., medical students) or the course was too different (e.g., too short). The latter 2 reasons were not formal exclusion criteria for the study. median teaching time was 23.8 hours. They covered an average of 4.2 (range 3-6) of 7 possible topics: therapy (n = 14; 93%); meta-analysis (n = 13; 87%); diagnosis (n = 10; 67%); study design, harm and prognosis (each n = 6; 40%); and guidelines (n = 4; 27%).
Learner characteristics. Two-thirds of the learners had completed medical school ( The average increase in score, adjusted for baseline score and questionnaire sequence, was 1.40 points (95% CI 0.48-2.31). This gain corresponds to an effect size of 0.44 of the baseline S� of the pooled sample of participants. There was significant variation in knowledge gain among courses (S� 1.50, p = 0.031) and highly significant variation among learners within courses (S� 2.14, p < 0.001).
A total of 100 learners filled in only 1 questionnaire. Of these, 81 participants from 13 courses answered the precourse questionnaire only. Their baseline score was 7.04 points (95% CI 6.28-7.80). Another 19 participants from 9 courses completed only the post-course questionnaire. They achieved a post-course score of 8.68 points (95% CI 7.34-10.02). The scores of learners who completed only the pre-or the post-course questionnaire did not differ significantly from the corresponding scores of those who completed both (p > 0.05 in both cases).
Factors associated with a change in knowledge and skills. We found 7 course variables that were independently associated with change in knowledge ( Table  3) . Greater improvements in knowledge were associated with (in order of decreasing magnitude) a requirement for active engagement in the learning process, a separate statistics session, fewer topics covered in a given time, less teaching time, smaller numbers of learners per tutor, more participants in the entire course and smaller groups. The 7 course variables together explain one-third of the total variation in knowledge gain (intraclass correlation coefficient 33%).
Predicting learning success on an individual level proved more difficult. Prior knowledge was the strongest learner determinant for change in knowledge: participants with a lower baseline score improved their score more than did those with higher baseline scores (Table 4) . Of the other 11 learners' variables, 3 independently influenced change: current occupation (we observed a gradient in scores across learners with jobs in the pharmaceutical industry or medical publishing, learners involved in patient care, and administrators and epidemiologists or public health professionals), self-rating (we observed a gradient of change from learners describing themselves as having advanced knowledge, who showed the greatest improvement, to those describing themselves as having average knowledge, who showed less improvement, to those describing themselves as having little or no knowledge, who showed the least improvement) and previous experience as a tutor (those who had previous experience improved more than those who did not). Once baseline knowledge entered the model, additional learner characteristics explained 7.2% of the residual variance.
Interpretation
In this study of 15 EBM courses with diverse settings, formats and participants, we demonstrated an increase in EBM knowledge among most participants and identified key course features that influence knowledge acquisition.
What is the significance of the mean effect size of 0.44 (corresponding to an increase of 1.40 correct answers)? This change is greater than that achieved by most singlecentre courses. A recent systematic review examining 24 randomized, non-randomized and before-after studies of postgraduate EBM interventions 7 found a median effect size of 0.36 with an interquartile range of 0.31-0.42. We observed a larger effect even though the simultaneous consideration of courses (clusters) and individual learners in our model inflates the variance and therefore provides a more conservative estimate of the effect size than would a consideration of a single course. Furthermore, the outcome assessment tool we used, the Berlin Questionnaire, includes questions addressing studies of harm and prognosis that were not covered in all course programs. Thus, an outcome measure targeted specifically to course content may have shown even larger effects. However, some courses had a substantially greater impact than others. Course differences contributed onethird to the total variability in knowledge gain between learners.
Another way of thinking about the change of 1.40 is in terms of the differences found in the scores of different categories of clinicians. We previously demonstrated that clinicians without formal EBM training have a mean score of 4.2, those enrolling in EBM courses (presumably because they have a particular interest in the subject and have done some prior reading) have a mean score of 6.3 and experts have a mean score of 11.9.
11 Thus, a mean change of 1.40 would take an individual without prior knowledge of EBM approximately one-fifth of the way to achieving the score that one might expect from an expert.
This study has a number of strengths. Because of the diversity in course format, content, participants and geographic location, this study provides a picture of the impact of a broad range of EBM courses. We used the same well-validated instrument, the Berlin Questionnaire, for outcome assessment in all courses, which allowed a valid comparison of the learning effect across courses. The study design, with learners randomly assigned to complete one or the other version of the Berlin Questionnaire first, minimized possible bias. Our calculation of effect size allowed comparison with the impact of courses previously reported in the literature. 7 Most importantly, we collected detailed information about each course, which allowed us to construct a sophisticated statistical model that explained the variability in knowledge gain across courses. The association of knowledge gain with some variables was very strong: required active engagement of learners was associated with a difference of 2.8 items answered correctly. This is a very large effect in a questionnaire with 15 items (Table 3) . The ability to explain the variability in outcomes to this extent is unusual and provides planners of subsequent courses and workshops, one of whose goals is to improve knowledge, with guidance in structuring their program. Many of the course items that proved to be a significant determinant of knowledge gain in our analysis are consistent with theories of problem-based learning. 17 An exploratory matching of the characteristics of problembased learning with similar terms from a synthesis of 302 meta-analyses on educational and psychological interventions 18 found small to moderate effect sizes for the following characteristics: "individualized learning" (effect size 0.23), "cooperative learning" (effect size 0.54), "small group process" (effect size 0.31), "using problems" (effect size 0.2) and "instructions for problem-solving provided" (effect size 0.54). 19 One limitation of our study is the before-after design, which produces weaker inferences than a randomized trial. Thus, one might question the extent to which courses were actually responsible for the learners' improved questionnaire performance after they finished the course (e.g., pre-course practice with the alternate form of the questionnaire could have been responsible for the change instead). If another factor were responsible for the change, however, it is extremely implausible that course characteristics would have been so powerful in explaining variability in knowledge gain across courses.
Another potential limitation is the risk of selection bias. Only a minority of course organizers expressed interest in participating in our study, and some felt that the questionnaire was inappropriate for their course and withdrew after they reviewed the questionnaire. Non-participating courses may have been less successful than participating courses; thus, selection bias provides another potential explanation for the large size of effect we observed.
Furthermore, 100 learners filled in only 1 part of the questionnaire (pre-or post-course). Scores from individuals who completed only one part of the questionnaire were, however, similar to the scores of those who completed both pre-and post-versions. Although the group that completed only the pre-course questionnaire scored somewhat lower overall, the confidence interval around this score included the entire confidence interval around the mean score of the 420 participants who completed both questionnaire administrations.
The generalizability of our results is limited in that we studied only formal courses involving direct contact between educators and learners. Thus, our results do not address either courses embedded in the clinical setting (known as integrated EBM courses) 6, 9 or e-learning EBM courses, which represent an emerging format. [20] [21] [22] Nevertheless, the course formats we studied are likely to remain both prevalent and popular. Finally, we did not assess long-term outcomes, the use of the new knowledge in clinical practice, or attitude or behaviour changes among learners. Recent evidence from a systematic review and 3 randomized trials shows that the translation from knowledge gain to change in behaviour is complex. 6, [23] [24] [25] Our results also provide information concerning outcome measurement for EBM courses and workshops. A number of reviews have highlighted the shortage of validated instruments for assessing the outcomes of EBM teaching. 8, 26, 27 A recent systematic review of assessment tools noted the attractive psychometric properties of the Berlin Questionnaire. 13 Our results provide further evidence that the Berlin Questionnaire is responsive across different settings, participants and course formats and can differentiate between individuals and courses.
Although incorporating some of the factors associated with higher scores (smaller group size, higher ratio of tutors to learners and larger overall course size) would require more resources, 1 factor (less teaching time) would require fewer resources, and others, including the 3 most powerful predictors (required active participation of the learners, a separate statistics session and fewer topics) would require no increase in resources. In terms of the importance of the overall effect, there may be other benefits (enthusiasm for evidence-based practice, stimulation of subsequent learning and ultimate improvement in practice) not measured here that would further justify the investment in resources.
In conclusion, our results provide guidance for EBM course organizers interested in maximizing participant gains in knowledge. If it is feasible, they should use a small-group structure with a high tutor-to-learner ratio. Course organizers may welcome the news that long courses are not necessary; indeed, shorter courses may be more effective. Organizers should focus on a small number of topics, have special sessions devoted to statistical issues and, most importantly, insist on active participation from the learners. 
